Ultrasound examination of the gastric antrum is a non-invasive tool that allows reliable estimation of gastric contents. We performed this prospective cohort study in non-elective paediatric surgery to assess whether gastric ultrasound may help to determine the best anaesthetic induction technique, whether rapid sequence or routine. The primary outcome was the reduction of inappropriate induction technique. A pre-operative clinical assessment was performed by the attending anaesthetist who made a provisional plan for induction. Gastric ultrasound was performed in the semirecumbent and right lateral decubitus positions for a qualitative assessment of gastric contents, using a 0-2 grading scale. A final induction plan was made based on this assessment. Immediately after tracheal intubation, gastric contents were suctioned through a multi-orifice nasogastric tube; these were defined as above risk threshold for regurgitation and aspiration if there was clear fluid > 0.8 ml.kg
Introduction
Pulmonary aspiration of gastric contents is one of the most feared complications of general anaesthesia, especially in emergency surgery [1, 2] . This is because there may not have been sufficient fasting time according to standard guidelines, complicated by the possibility of pathophysiological delay in stomach emptying [3, 4] .
Identification of patients at risk of aspiration is required in order to choose the most appropriate induction sequence for general anaesthesia [5] , classified as either 'classical' rapid sequence induction (preoxygenation, no facemask ventilation, cricoid pressure and neuromuscular blockade using succinylcholine), 'modified' rapid sequence induction (gentle facemask ventilation through cricoid pressure), 'controlled' rapid sequence induction (gentle facemask ventilation, no cricoid pressure and use of non-depolarising neuromuscular blocking agent) [6, 7] or routine induction (no neuromuscular blockade) [4] . The factors that the anaesthetist may consider in order to make the decision include time of the last solid and liquid oral intake, the interval between oral intake and trauma, type of surgery, medications and previous medical history [4] .
Ultrasound examination of the antrum is a noninvasive and reliable tool that allows quantitative and qualitative estimates of gastric contents in both adults and children [8] [9] [10] [11] [12] [13] . Studies conducted in healthy volunteer children, and in elective fasted children, found that ultrasound examination of the gastric antrum provided useful information on gastric content and volume, and that the Perlas qualitative 0-2 grading scale may be a reliable tool to assess gastric contents [11, [14] [15] [16] . We recently used this scale to guide the most appropriate induction technique in infants undergoing pyloromyotomy, avoiding rapid sequence induction in more than 85% of infants with hypertrophic pyloric stenosis when the stomach was totally emptied after suction with a gastric tube [17] .
We speculated that pre-operative gastric ultrasound could also be used to choose the most appropriate induction technique in the wider paediatric population admitted for emergency or urgent surgery. To investigate this, we conducted a prospective cohort study in this group that aimed to assess whether the qualitative ultrasound assessment of gastric contents led to appropriate change in the management of general anaesthesia planned according to clinical assessment. A further aim of the study was to assess the performance of the ultrasound qualitative assessment of gastric contents for the diagnosis of gastric fluid content > 0.8 ml.kg
À1
.
Methods
This prospective observational cohort study received approval from the local ethics committee and was registered in the French database for clinical trials. It was performed in Hôpital Femme M ere Enfant, Bron between November 2014 and May 2015. All children aged between 2 months and 16 years undergoing urgent (operation performed as soon as possible after resuscitation, usually within 24 h) or emergency (operation performed simultaneously with resuscitation, usually within 1 h) surgery [18] under general anaesthesia during the study period were eligible for inclusion, unless there was parental refusal of consent or any contraindication to insertion of a nasogastric tube.
A routine pre-operative consultation was performed by the attending anaesthetist. The anaesthetist determined the presumed status of gastric contents ('no contents'; 'contents present'; 'cannot conclude with confidence') on the basis of the consultation, and made a provisional plan for general anaesthetic induction using either rapid sequence or routine inhalational or intravenous induction. After the consultation, parents were given both verbal and written information about the research study.
The study was carried out when one of the ultrasound operators (ACG, MDQS BC), who all had experience of performing ≥ 50 gastric ultrasounds, was available. On arrival in the anaesthetic room, the child was screened for eligibility for the study, and written consent was obtained from the parent by the attending anaesthetist. The operator, blinded to the results of the clinical assessment, performed the ultrasound using a SonoSite S-Nerve ™ (FUJIFILM SonoSite Inc., Bothell, WA, USA) fitted with either a linear high-frequency transducer (probe HFL38, 10-13 MHz) or an abdominal probe (C60 2-5 MHz). A sagittal cross-section of the antrum was obtained in a plane including the left lobe of the liver and either the aorta or inferior vena cava [11, 16, 19] . All examinations were performed with the patient placed in the 45°semirecumbent and then the right lateral decubitus positions. An 'empty stomach', corresponding to Perlas grade 0, was defined as the absence of any content in both positions (originally supine and right lateral [14] ), and 'contents present' was defined by seeing clear fluid in the right lateral decubitus position only (grade 1; Fig. 1 ), in both positions (grade 2) [14, 20] , or by seeing any solid contents or thick fluid, regardless of position. The attending anaesthetist was then presented with the results of the ultrasound assessment, and was given the opportunity to revise the plan for induction. However, if the ultrasound examination could not be performed or the result was inconclusive, the induction plan remained unchanged.
After induction of anaesthesia and tracheal intubation, a multi-orifice PVC gastric tube (Salem Sump; Covidien, Mansfield, MA, USA) 10-18 Fr, depending on the patient's size, was inserted. Intragastric position was confirmed by stomach auscultation during injection of 30-40 ml air, and by suction of gastric contents. Gastric contents were gently suctioned into a 60-ml syringe by a blinded nurse, while moving the tube backward and forward and massaging the patient's epigastrium. The volume and consistency of the gastric contents were recorded. Stomach contents from gastric tube suction were defined as 'above risk threshold' if there was clear fluid > 0.8 ml.kg À1 , thick fluid (fluid with floating macroscopic solid particles) or solid contents [21] . Otherwise, the contents were 'below risk threshold'. Patient characteristics, duration of fasting duration, pain level assessed using either the FLACC (face, legs, activity, cry, consolability) scale [22] or a visual analogue pain scale (as appropriate), type of surgery, opioid administration, vomiting and gastro-intestinal obstruction were recorded in order to analyse any relationship with the presence of stomach contents.
Statistical analysis was performed using MedCalc â version 12.1.4.0 for Windows (MedCalc Software, Ostend, Belgium). Data were tested for normality of distribution using Shapiro-Wilk's W-test. Incidence data were compared using Fisher's exact test or v² test, as appropriate. For each test, p < 0.05 was considered as statistically significant. Sensitivity, specificity, negative and positive predictive values of conclusive ultrasound examinations to identify stomach contents above the risk threshold were calculated with 95%CI, using the Wilson method with continuity correction. These were also calculated including the results from inconclusive ultrasound examinations [23] .
We assumed that the anaesthetic technique chosen after the pre-operative assessment would be inappropriate, taking into account the actual gastric contents, in 30% of children, and that the qualitative ultrasound assessment of gastric contents would reduce the risk of inappropriate induction technique to 15%. According to this hypothesis, the inclusion of 120 children was required, with a significance level of < 0.01 and a power of 0.9. Because of the possibility of some inconclusive ultrasound examinations, we decided to include at least 140 patients.
Results
We recruited 144 patients to the study (Fig. 2) . Baseline characteristics are presented in Table 1 . The surgery was urgent in 116 (81%) and emergency in 28 (19%) children. The most common gastro-intestinal surgical procedures were appendicectomy (73 (79%)), peritonitis (10 (11%)) and intussusception/volvulus (5 (5%)). Orthopaedic and trauma surgery mainly consisted of fractures of the lower or upper limb (26 (81%)), and urogenital surgery related to ovarian or testicular torsion (12 (86%)).
There was a failure to insert the nasogastric tube in one patient, who was excluded post hoc. Figure 3 shows the study sequence in the remaining 143 children. Table 3 summarises the anaesthetists' induction plans after clinical examination and then after the ultrasound examination, together with the presence of stomach contents after nasogastric suction. Rapid sequence induction was initially planned for 87 (61%) children.
Qualitative ultrasound assessment of gastric contents was not conclusive in 13 (9%) children, because of inadequate images (seven), gas in the stomach (four) and anxiety and agitation (two). Out of the 73 children with stomach contents present on ultrasound, 26 were grade 1, 38 were grade 2 and nine had thick fluid or solid antral contents seen in both the supine and right lateral decubitus positions. . Seventy-seven (54%) children were below the risk threshold and 66 (46%) were above. Among the 57 children with a grade 0 antrum, 53 (93%) had stomach contents below the risk threshold, whereas 17 out of 26 (65%) children with grade 1, 36 out of 38 (95%) children with grade 2, and 9 out of 9 (100%) children with solid content had stomach contents above the risk threshold.
Definitive ultrasound examination of the antrum allowed diagnosis of stomach contents above the risk threshold with a sensitivity (95%CI) of 94% (84-98%), a specificity of 83% (71-91%), a negative predictive value of 93% (82-98%) and a positive predictive value of 85% (74-92%). This did not change much when we included 13 inconclusive examinations in the calculation; seven who were below the risk threshold had routine induction (true negatives) and six who were below the risk threshold had rapid sequence induction (false positives), giving sensitivity 94% (84-98%), specificity 78% (67-86%), negative predictive value 94% (84-98%) and positive predictive value 78% (68-87%).
Rapid sequence induction was actually performed in 80 (56%) patients. The anaesthetic induction plan changed in 67 (47%) children after ultrasound examination of the antrum was performed: from rapid sequence induction to routine induction in 37 children, and from routine induction to rapid sequence induction in 30 children. Twenty-two (73%) changes in the anaesthetic induction technique from routine to rapid sequence induction were appropriate, whereas 35 (95%) changes from rapid sequence induction to routine induction were appropriate (p = 0.03 between both changes). Consequently, the rate of appropriate anaesthetic induction technique according to actual gastric contents was significantly improved after ultrasound examination of the antrum vs. after clinical assessment, 121 of 143 (85%) vs. 70 of 143 (49%; p < 0.00001; Fig. 3) . A similar finding was found using intention-to-treat analysis, 121 of 144 (84%) vs. 71 of 144 (49%; p < 0.00001).
Fasting interval for solids < 6 h, acute pre-operative pain, pre-operative vomiting and gastro-intestinal obstruction were significantly associated with the clinical diagnosis of stomach contents present ( Table 2) . Fasting duration for solids < 6 h, shorter fasting durations for solids as well as liquids, and orthopaedic surgery were more frequent, whereas pre-operative vomiting was less frequent, in patients with stomach contents above the risk threshold (Table 3) .
No children in the cohort regurgitated or aspirated gastric contents after induction of anaesthesia.
Discussion
In this prospective cohort study, ultrasound examination of gastric contents was achieved in 90% of patients; this significantly increased the rate of appropriate induction technique, confirmed by subsequent analysis of actual stomach contents, in comparison with pre-operative clinical assessment alone.
Our results demonstrate that pre-operative clinical assessment for the risk of pulmonary aspiration of gastric contents is inaccurate, since this led to an inappropriate anaesthetic induction plan in more than half of patients. Pre-operative vomiting and acute pain were significantly associated with the decision to plan rapid sequence induction by the attending anaesthetist, although these criteria were not significantly associated with the presence of confirmed stomach contents above the risk threshold. A fasting duration for solids below 6 h was the sole criterion for appropriate use of rapid sequence induction after clinical assessment. This result is not surprising, since short fasting duration for solid food is prohibited before both elective and emergency surgery in adults and children [3, 4, 24] . However, this criterion is insufficient to discriminate between the presence or absence of stomach contents above the risk threshold, since fasting duration was more than 6 h in more than two-thirds of children with stomach contents above the risk threshold. Furthermore, the median fasting durations for solids and fluids were long in the present study, compared with those commonly applied before elective surgery. Despite this, around half of children had stomach contents above the risk threshold, as has been reported previously in adult patients undergoing emergency surgery [25] . Many factors may affect gastric emptying in the emergency or urgent setting, such as acute pain or stress [26] , trauma or bowel obstruction [27] , in addition to medical conditions and pre-operative medication. Conversely, the performance of pre-operative gastric ultrasound for the identification of stomach contents above the risk threshold was high, with a sensitivity of 94% and a specificity of 83%. Including the 13 cases where the ultrasound was inconclusive changes these figures only a little, due to the low rate of such failure. Only the specificity was reduced, as all of these cases were below the risk threshold. This might suggest that an inconclusive ultrasound result is more likely to indicate an empty stomach, but it is outside the scope of the present study to comment further on this aspect. However, there was a roughly equal distribution of false positive and true negative results within these cases of inconclusive ultrasound, which is in line with what might be expected from clinical examination.
The anaesthetist changed their planned induction technique after gastric ultrasound in almost half of the patients studied, both from routine induction to rapid sequence induction and vice-versa. The twin benefits were increasing the number of children who were not exposed to the risk of pulmonary aspiration of gastric contents, a leading cause of mortality related to general anaesthesia [28] and simplifying anaesthesia for those without such risk. In our study, the changes in anaesthetic management were correct in 95% of the 37 changes from rapid sequence induction to routine induction, with only four cases having inappropriate routine induction with stomach contents above the risk threshold.
In our study, ultrasound assessment of gastric contents was based on qualitative analysis, without measurement of the antral cross-sectional area. A risk threshold cut-off value for antral cross-sectional area has been described in adults [9] , and mathematical models have been published to predict gastric fluid volume according to antral area in the supine and right lateral decubitus positions in both adults and children [9-11, 17, 20, 29] . However, these models apply only to clear fluid contents and not to thick fluid or to solid gastric contents, they have variable accuracy with R² values ranging from 0.57 to 0.73, and they may even contradict each other [30] . More generally, the qualitative assessment of gastric content is particularly appropriate in children, since its interpretation does not depend on patient size and habitus. Learning to perform qualitative ultrasound assessment in adults is straightforward, requiring 33 examinations to achieve 95% of correct diagnosis between empty, clear fluid and solid gastric content [31] , and should be considered by paediatric anaesthetists. We defined the presence of gastric contents on ultrasound assessment as viewing any solid gastric content, clear fluid content either in the right lateral decubitus only (grade 1) or clear fluid in both right lateral and semirecumbent positions (grade 2) [14] . This allowed significant discrimination between stomach contents below and above the risk threshold, although there were significant differences with regard to the distribution of patients with grade 1 and grade 2 according to their suctioned gastric content. In adults, Perlas et al. reported that grade 2 corresponded to significantly increased gastric fluid volume compared with grade 1 [14, 20] , and Spencer et al. also reported that suctioned gastric fluid volumes in children significantly increased along with antral grades [11] . In our study, 95% of children with grade 2 and nearly two-thirds of children with grade 1 had stomach contents above the risk threshold, that is, a fluid volume > 0.8 ml.kg À1 on nasogastric suction. Children with a grade-1 examination therefore should not be considered as low-risk patients [9, 32] . Nevertheless, a grade-1 examination did not allow clear discrimination between patients with low or high gastric volume, leading to a probable overestimate of the number of patients at risk. Further studies should be conducted to assess whether it is possible to improve the reliability of the qualitative assessment of gastric contents in children.
One limitation of this study was the use of nasogastric tube suction to estimate gastric contents. CookSather et al. previously reported that suction of gastric contents through a multi-orifice tube removed > 90% of the gastric fluid content in fasting children, and that this technique correlated highly to the volume of clear fluids in the stomach [33] . In our study, gastric suction was performed gently in one position, while moving the tube backward and forward and massaging the epigastrium, using a multi-orifice Salem tube matched to the child's size. Hence, quantification of gastric fluid volume was probably not as precise as in their study. Furthermore, our results are dependent on the definition of a risk threshold for the volume of stomach contents. As there is no clear data as to the critical gastric content that leads to a risk of pulmonary aspiration, we used the same definition that we previously employed in adults [9] ; our results would change if another definition was to be used. In this study, children were lying in the semirecumbent position during ultrasound examination of the antrum, as opposed to the supine position as originally described by Perlas et al. [14] . This may have changed our results, as the semirecumbent position tends to cause gastric contents to flow towards the antrum as compared with the supine position.
In conclusion, pre-operative qualitative ultrasound assessment of gastric contents significantly increased the rate of appropriate induction sequence of general anaesthesia in children. This point-of-care tool should be used before general anaesthesia in children admitted for emergency surgery in order to guide the anaesthetist in the choice of the most appropriate induction technique. Further studies are required to assess the impact of this ultrasoundguided strategy on the rate of complications related to pulmonary aspiration in children admitted for emergency surgery.
